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The goals of this review are two-fold: to examine
the evidence in support of a role for insulin resist-
ance and compensatory hyperinsulinemia in the
pathogenesis of essential hypertension, and to
evaluate the hypothesis that insulin resistance and
its manifestations play major roles in the develop-
ment of coronary heart disease in patients with
essential hypertension. In both instances, only
experimental results in human beings will be con-
sidered. Although it remains a scientific issue of
great importance, the scope of this review pre-
cludes a discussion of the mechanistic link
between insulin resistance/hyperinsulinemia and
essential hypertension. (J Clin Hypertens.
2003;5:269–274) ©2003 Le Jacq Communications, Inc.

INSULIN RESISTANCE, COMPENSATORY
HYPERINSULINEMIA, AND HYPERTENSION
Does Insulin Resistance Exist in Patients With
Essential Hypertension?
In 1966, Welborn et al.1 studied 19 individuals diag-
nosed as having essential hypertension and demon-
strated that patients with high blood pressure had sig-
nificantly higher plasma insulin concentrations than a
control population. However, it was not until about
20 years later that several research groups2–6 con-
firmed the original observation of Welborn et al.1

There is also evidence that hypertension is associated
with glucose intolerance.5–7 The combination of glu-
cose intolerance and hyperinsulinemia strongly sug-
gested that a defect in insulin-stimulated glucose
uptake was likely to exist in some patients with hyper-
tension, and there is now considerable evidence indi-
cating that this is the case.4–6,8

These earlier observations stimulated a great deal
of research activity focusing on the relationship
between insulin resistance and/or compensatory
hyperinsulinemia and hypertension, and there now
appears to be general agreement that insulin resistance
and compensatory hyperinsulinemia are commonly
seen in patients with essential hypertension. However,
not all patients with essential hypertension are insulin
resistant and hyperinsulinemic. Since resistance to
insulin-mediated glucose uptake and compensatory
hyperinsulinemia are continuous variables, not di-
chotomous ones, obtaining a precise estimate of the
frequency of abnormalities of insulin metabolism in
patients with essential hypertension is not as simple as
it may seem. The results of the study illustrated in
Figure 1 represent an effort to address this issue by
comparing the distribution of plasma insulin concen-
trations 2 hours after the ingestion of 75 g of glucose
in 41 patients with hypertension and 41 normotensive
subjects.9 These hypertensive patients were identified
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as part of a routine health survey, and the normoten-
sive subjects were participants in the same survey,
selected to match the patients with respect to variables
such as sex, degree of obesity, ethnic background, type
of employment, and level of physical activity. Only
10% of the normotensive subjects had 2-hour plasma
insulin concentrations greater than 80 µU/mL, com-
pared with 45% of the patients with hypertension. In
light of these and other findings,8 approximately 50%
of patients with hypertension can be considered to be
insulin resistant and hyperinsulinemic.

Based on the above considerations, it seems reason-
able to conclude that a substantial proportion of
patients with essential hypertension are resistant to
insulin-mediated glucose disposal and are hyperinsu-
linemic. In addition, they will tend to be somewhat glu-
cose intolerant, with elevated plasma triglyceride (TG)
and low high-density lipoprotein cholesterol (HDL-C)
concentrations as discussed subsequently. In other
words, hypertension in these patients exists as one of
the manifestations of the insulin resistance syndrome.

Does Insulin Resistance/Compensatory
Hyperinsulinemia Play a Role in Regulation of
Blood Pressure?
Insulin resistance and compensatory hyperinsulinemia
appear to be neither necessary nor sufficient for essen-
tial hypertension to develop. The results noted in
Figure 1 demonstrated that a significant proportion of
patients with essential hypertension were insulin sensi-
tive. Furthermore, blood pressure does not increase in
all subjects who are insulin resistant and hyperinsuline-
mic, and for any number of reasons, hyperinsulinemia
in these individuals does not lead to an increase in
blood pressure. On the other hand, insulin-resistant
subjects are more likely to develop hypertension than
are insulin-sensitive individuals, and this situation

resembles the pathophysiologic role of insulin resist-
ance in the development of type 2 diabetes.10

Hyperglycemia develops in insulin-resistant individu-
als when they no longer are able to secrete the large
amount of insulin necessary to overcome insulin resist-
ance. Similarly, it seems likely that hypertension only
develops when some unknown compensatory re-
sponse (or responses) is no longer able to overcome the
metabolic changes associated with insulin resistance
and compensatory hyperinsulinemia that favor an
increase in blood pressure.

What Is Primary: Hypertension or Insulin
Resistance?
There are three lines of evidence providing sub-
stantial support of the view that insulin resist-
ance/hyperinsulinemia antedates hypertension.
1. Neither insulin resistance nor hyperinsulinemia are

increased in prevalence in patients with secondary
forms of hypertension.11,12

2. Normotensive, first-degree relatives of patients
with high blood pressure who are at increased
risk to develop hypertension are relatively
insulin resistant and hyperinsulinemic when
compared with normotensive individuals with-
out a family history of hypertension.13–15

Furthermore, these observations are independent
of differences in overall or regional adiposity.

3. Several prospective studies have shown that base-
line hyperinsulinemia, as a surrogate measure of
insulin resistance, predicts the development of
essential hypertension.16–20 Perhaps the publica-
tion that is the most relevant to the focus of this
review is the results observed in 1865 children
and adolescents followed over a 6-year period.19

In addition to showing that the higher the fasting
insulin concentration at baseline, the greater the
increase in blood pressure over the 6-year period
of observation, evidence was presented that “high
insulin levels seem to precede the development of
a potentially atherogenic risk factor profile
including low HDL-C, high triglyceride, and ele-
vated systolic blood pressure.”
The evidence summarized to this point suggests

that insulin resistance and compensatory hyperinsu-
linemia are increased in prevalence in approximately
50% of individuals with hypertension, and the pres-
ence of these abnormalities in normotensive individu-
als predicts the eventual development of essential
hypertension. Furthermore, there is no evidence that
the decrease in insulin-mediated glucose disposal and
increase in plasma insulin concentration described in
patients with essential hypertension is secondary to
high blood pressure, per se.

THE JOURNAL OF CLINICAL HYPERTENSION VOL. V  NO. IV  JULY/AUGUST 2003270

Figure 1. Frequency distribution of the plasma insulin
response 2 hours after a 75 g oral glucose challenge in
normotensive (clear bar) and hypertensive (filled bar)
volunteers. Reprinted with permission from J Intern
Med. 1992;231:235–240.9



INSULIN RESISTANCE, ESSENTIAL
HYPERTENSION, AND CORONARY 
HEART DISEASE
Although coronary heart disease (CHD) is the major
cause of morbidity and mortality in patients with
essential hypertension, not all hypertensive individuals
are at equal risk. The following section presents evi-
dence in support of the view that the subset of patients
with hypertension at greatest CHD risk is those indi-
viduals who are also insulin resistant/hyperinsulinemic.

CHD Risk Factors in Insulin
Resistant/Hyperinsulinemic Patients 
With Essential Hypertension
As discussed earlier, not all patients with essential
hypertension are insulin resistant. As a consequence,
the CHD risk factors associated with insulin resistance
will vary significantly in patients with equal degrees of
blood pressure elevation. The results in Figure 2
demonstrate how different two groups of patients with
essential hypertension can be when the subjects with
hypertension seen in Figure 1 were subdivided into
hyperinsulinemic (insulin resistant) and normoinsu-
linemic (insulin sensitive) subgroups.9 As shown in
Figure 2, the plasma insulin concentrations in response
to an oral glucose challenge are much higher in the
insulin-resistant group. This is not surprising, since the
two groups were stratified based on this criterion.
However, it is also clear from Figure 2 that plasma glu-
cose concentrations in response to the oral glucose

challenge were also significantly higher in the insulin-
resistant patients with hypertension. Since insulin
resistance, hyperinsulinemia, and glucose intolerance
have all been predictive of increased CHD risk,20–23

their existence in a subset of patients with hyperten-
sion supports the view that not all patients with high
blood pressure are at equal risk to develop CHD.

Insulin resistance and compensatory hyperinsuline-
mia are associated with a dyslipidemia characterized by
a high plasma TG and low HDL-C concentration.10,24

The prevalence of both of these changes is increased in
patients with essential hypertension,25,26 and the data in
Table I illustrate that an atherogenic lipoprotein profile
can be seen in normotensive first-degree relatives of
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Figure 2. Plasma insulin (left panel) and glucose (right panel)
concentrations in response to a 75 g oral glucose challenge in
hyperinsulinemic (insulin resistant ●) and normoinsuline-
mic (insulin sensitive ■■) patients with hypertension.
Reprinted with permission from J Intern Med.
1992;231:235–240.9

Table I. Mean (±SE) Plasma Lipid and Lipoprotein Concentrations in Normotensive Individuals as a Function of
Family History of Hypertension

VARIABLE (MMOL/L)
POSITIVE

FAMILY HISTORY
NEGATIVE

FAMILY HISTORY P VALUE

Cholesterol (C) 4.80±0.15 4.44±0.12 <0.07

VLDL-C 0.50±0.06 0.23±0.03 <0.001

IDL-C 0.34±0.07 0.21±0.02 <0.08

LDL-C 2.65±0.12 2.54±0.10 NS

HDL-C 1.34±0.06 1.47±0.05 <0.10

VLDL+IDL+LDL-C 3.47±0.14 3.00±0.11 <0.003

Ratio of C/HDL-C 3.84±0.18 3.09±0.11 <0.001

Triglyceride (TG) 1.15±0.07 0.76±0.05 <0.001

VLDL-TG 0.71±0.07 0.40±0.04 <0.001

IDL-TG 0.14±0.02 0.10±0.01 NS

LDL-TG 0.19±0.01 0.16±0.01 <0.05

HDL-TG 0.11±0.01 0.09±0.01 <0.06

VLDL=very-low-density lipoprotein; IDL=intermediate-density lipoprotein; LDL=low-density lipoprotein;
HDL=high-density lipoprotein



patients with high blood pressure.14 In addition to
being highly correlated with insulin resistance/hyperin-
sulinemia, a high plasma TG and a low HDL-C con-
centration are also well recognized CHD risk fac-
tors.27–30 Of more direct relevance are the data in Table
II indicating that asymptomatic patients with high
blood pressure identified as demonstrating cardiac
ischemia by Minnesota Code Criteria were insulin
resistant, hyperinsulinemic, and dyslipidemic, with
higher TG and lower HDL-C concentrations than well
matched hypertensive patients whose electrocardio-
grams were considered normal.31 Finally, the relation-
ship between the dyslipidemia characteristic of insulin
resistance and CHD in patients with essential hyperten-
sion has been emphasized by recent reports from the
Copenhagen Male Study32,33 demonstrating the power
of a high TG and low HDL-C concentration in pre-
dicting myocardial infarction in this patient population.
In the absence of measures of either insulin resistance or
plasma insulin levels, these authors used the changes in
lipid metabolism as markers of the insulin resistance
syndrome. The results of their analysis revealed that
CHD events in patients with essential hypertension var-
ied dramatically as a function of their plasma concen-
tration ratio of TG/HDL-C, being markedly accentuat-
ed in those whose concentration ratio was in the high-
est tertile (insulin resistance syndrome) and essentially
unchanged in the insulin-sensitive patients in the lowest
tertile of TG/HDL-C concentrations.33 

Link Between Insulin Resistance and Endothelial
Dysfunction in Patents With 
Essential Hypertension
The first step in the process of atherogenesis is the bind-
ing of circulating mononuclear cells (MNCs) to the
endothelium.34 The effect of hypertension on this
process was evaluated by isolating MNCs from
patients with hypertension and quantifying their bind-
ing to cultured endothelial cells. Using this approach
we were able to demonstrate that MNCs isolated from

patients with essential hypertension adhered with sig-
nificantly (p<0.001) greater avidity to endothelium
than did MNCs from a matched control group with
normal blood pressure.35 However, the enhanced bind-
ing of MNCs isolated from patients with hypertension
to endothelium appeared to be more closely related to
the degree of insulin resistance than blood pressure, per
se, and the relationship between insulin-mediated glu-
cose disposal and MNC binding was highly correlated
in both normotensive (r=0.86; p<0.001) and hyperten-
sive (r=0.74; p<0.001) individuals.

The interaction between circulating MNCs and the
endothelium is modulated by the activity of cellular
adhesion molecules (CAMs) secreted by endothelial
cells. CAMs can be identified in the circulation, and ele-
vated plasma concentrations of CAMs have been noted
in association with a variety of conditions associated
with insulin resistance, including essential hyperten-
sion.36,37 To explore the possibility that the insulin
resistance commonly seen in patients with hyperten-
sion was responsible for the increased plasma concen-
tration of CAMs, we38 defined in a group of healthy
volunteers the relationship between insulin-mediated
glucose disposal and the plasma concentrations of
three CAMs—E selectin, intercellular adhesion mole-
cule-1 (ICAM-1), and vascular cellular adhesion mole-
cule-1 (VCAM-1). The results demonstrated that sta-
tistically significant relationships existed between
degree of insulin resistance and E selectin (r=0.54;
p<0.05), ICAM-I (r=0.67; p<0.001), and VCAM-1
(r=0.41; p<0.05). Furthermore, plasma concentration
of MNC binding to cultured endothelium was signifi-
cantly correlated with the plasma concentrations of E
selectin (r=0.5; p<0.05), ICAM-1 (r=0.47; p<0.01), and
VCAM-1 (r=0.21; p<0.30). Thus, it appears that the
subset of patients with essential hypertension who are
insulin resistant have an increase in the endothelial
production of CAMs, thereby increasing the likelihood
that circulating MNCs will bind to endothelium and
initiate the process of atherogenesis.
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Table II. Mean (±SE) Lipid and Lipoprotein Concentrations in Hypertensive Subjects With and Without ECG
Evidence of Ischemic Changes

GROUP
CHOLESTEROL

(MMOL/L)
LDL-C

(MMOL/L)
HDL-C

(MMOL/L)
CHOLESTEROL/
HDL-C (RATIO)

TRIGLYCERIDE
(MMOL/L)

Control (n=25) 5.05±0.24 3.11±0.22 1.36±0.08 3.95±0.31 1.16±0.12

Normal ECG
(n=24)

4.79±0.19 3.03±0.18 1.28±0.07 4.00±0.25 1.21±0.14

Abnormal ECG
(n=29)

5.36±0.18 3.39±0.17 1.10±0.06* 5.04±0.23** 1.81±0.13**

ECG=electrocardiogram; LDL-C=low-density lipoprotein cholesterol; HDL-C=high-density lipoprotein cholesterol;
*different from control (p<0.01); **different from control and normal ECG (p<0.02)



Another abnormality of endothelial function that
may contribute to increased CHD risk in insulin-resist-
ant individuals with hypertension is the dysregulation
of asymmetric dimethylarginine (ADMA). ADMA is
an endogenous inhibitor of nitric oxide synthase,
recently shown to be elevated in patients with essential
hypertension,39 which has also received considerable
attention as an important CHD risk factor.40 Given this
background, we thought it important to measure
insulin-mediated glucose disposal, the plasma-insulin
response to oral glucose, and plasma ADMA concen-
trations in normal volunteers and patients with essen-
tial hypertension.41 The results indicated that plasma
ADMA concentrations and degree of insulin resistance
were significantly correlated in both healthy volunteers
(r=0.73; p<0.001) and patients with essential hyperten-
sion (r=0.70; p<0.003). Furthermore, plasma ADMA
concentrations were similar in normotensive individu-
als and hypertensive patients when the two diagnostic
groups were stratified into insulin-resistant or insulin-
sensitive subgroups. Thus, as with the MNC binding
and the plasma concentration of CAMs, the reported
increase in plasma ADMA concentrations in patients
with essential hypertension seems to be more a matter
of insulin resistance than the increase in blood pressure.

CONCLUSION
Patients with high blood pressure, as a group, are
insulin resistant, glucose intolerant, hyperinsulinemic,
and dyslipidemic, with evidence of endothelial dys-
function. There is substantial evidence supporting the
view that insulin resistance and/or compensatory
hyperinsulinemia have a role in blood pressure regula-
tion and may predispose a substantial number of indi-
viduals to develop high blood pressure. Of greater
immediate clinical import is the fact that the abnor-
malities of glucose, insulin, lipid metabolism, and
endothelial dysfunction that exist in substantial num-
bers of patients with high blood pressure seem to be a
consequence of their insulin resistance. These insulin-
resistance–associated changes are mainly responsible
for the increased CHD morbidity and mortality that
characterizes patients with essential hypertension.
Given this information, it seems prudent to enlarge the
scope of our therapeutic approach to patients with
hypertension and to realize that blood pressure lower-
ing is necessary, but not sufficient, if the goal is to
reduce CHD in patients with essential hypertension.
More succinctly, efforts at global CHD risk reduction
must be implemented.

REFERENCES
1 Welborn TA, Breckenridge A, Rubinstein AH, et al. Serum-

insulin in essential hypertension and in peripheral vascular dis-

ease. Lancet. 1966;1:1136–1137.
2 Lucas CP, Estigarribia JA, Darga LL, et al. Insulin and blood

pressure in obesity. Hypertension. 1985;7:702–706.
3 Modan M, Halkin H, Almog S, et al. Hyperinsulinemia: a link

between hypertension, obesity and glucose intolerance. J Clin
Invest. 1985;75:809–817.

4 Ferrannini E, Buzzigoli G, Bonadona R. Insulin resistance in
essential hypertension. N Engl J Med. 1987;317:350–357.

5 Shen D-C, Shieh S-M, Fuh M, et al. Resistance to insulin-stim-
ulated glucose uptake in patients with hypertension. J Clin
Endocrinol Metab. 1988;66:580–583.

6 Swislocki ALM, Hoffman BB, Reaven GM. Insulin resistance,
glucose intolerance and hyperinsulinemia in patients with
hypertension. Am J Hypertens. 1989;2:419–423.

7 Jarret RJ, Keen H, McCartney M, et al. Glucose tolerance and
blood pressure in two population samples: their relation to dia-
betes mellitus and hypertension. Int J Epidemiol.
1978;7:15–24.

8 Pollare T, Lithell H, Berne C. Insulin resistance is a characteris-
tic feature of primary hypertension independent of obesity.
Metabolism. 1990;39:167–174.

9 Zavaroni I, Mazza S, Dall’Aglio E, et al. Prevalence of hyperin-
sulinaemia in patients with high blood pressure. J Intern Med.
1992;231:235–240.

10 Reaven GM. Role of insulin resistance in human disease.
Diabetes. 1988;37:1595–1607.

11 Marigliano A, Tedde R, Sechi LA, et al. Insulinemia and blood
pressure: relationships in patients with primary and secondary
hypertension, and with or without glucose metabolism impair-
ment. Am J Hypertens. 1990;3:521–526.

12 Shamiss A, Carroll J, Rosenthall T. Insulin resistance in second-
ary hypertension. Am J Hypertens. 1992;5:26–28.

13 Ferrari P, Weidmann P, Shaw S, et al. Altered insulin sensitivity,
hyperinsulinemia and dyslipidemia in individuals with a hyper-
tensive parent. Am J Med. 1991;91:589–596.

14 Facchini F, Chen Y-DI, Clinkingbeard C, et al. Insulin resist-
ance, hyperinsulinemia, and dyslipidemia in nonobese individ-
uals with a family history of hypertension. Am J Hypertens.
1992;5:694–699.

15 Allemann Y, Horber FF, Colombo M, et al. Insulin sensitivity
and body fat distribution in normotensive offspring of hyper-
tensive parents. Lancet. 1993;341:327–331.

16 Skarfors ET, Lithell HO, Selinus I. Risk factors for the develop-
ment of hypertension: a 10-year longitudinal study in middle-
aged men. J Hypertens. 1991;9:217–223.

17 Lissner L, Bengtsson C, Lapidus L, et al. Fasting insulin in rela-
tion to subsequent blood pressure changes and hypertension in
women. Hypertension. 1992;20:797–801.

18 Taittonen L, Uhari M, Nuutinen M, et al. Insulin and blood
pressure among healthy children. Cardiovascular risk in young
Finns. Am J Hypertens. 1996;9:194–199.

19 Raitakari OT, Porkka KVK, Rönnemaa T, et al. The role of
insulin in clustering of serum lipids and blood pressure in chil-
dren and adolescents. Diabetologia. 1995;38:1042–1050.

20 Zavaroni I, Bonini L, Gasparini P, et al. Hyperinsulinemia in a
normal population as a predictor of non-insulin-dependent dia-
betes mellitus, hypertension, and coronary heart disease: the
Barilla factory revisited. Metabolism. 1999;48:989–994.

21 Fuller JH, Shipley MJ, Rose G, et al. Coronary heart disease
and impaired glucose tolerance: the Whitehall Study. Lancet.
1980;1:1373–1376.

22 Pyörälä K. Relationship of glucose tolerance and plasma
insulin to the incidence of coronary heart disease: results
from two population studies in Finland. Diabetes Care.
1979;2:131–141.

23 Yip J, Facchini FS, Reaven GM. Resistance to insulin-mediated
glucose disposal as a predictor of cardiovascular disease. J Clin
Endocrinol Metab. 1998;83:2773–2776.

24 Laws A, Reaven GM. Evidence for an independent relationship
between insulin resistance and fasting plasma HDL-cholesterol,
triglyceride and insulin concentrations. J Intern Med.
1992;231:25–30.

VOL. V  NO. IV  JULY/AUGUST 2003 THE JOURNAL OF CLINICAL HYPERTENSION 273



25 Shieh S-M, Shen M, Fuh MM-T, et al. Plasma lipid and lipopro-
tein concentrations in Chinese males with coronary artery dis-
ease, with and without hypertension. Atherosclerosis.
1987;67:49–55.

26 Fuh M-T, Shieh SM, Wu D-A, et al. Abnormalities of carbohy-
drate and lipid metabolism in patients with hypertension. Arch
Intern Med. 1987;147:1031–1038.

27 Miller GJ, Miller NE. Plasma high-density lipoprotein concen-
tration and development of ischaemic heart disease. Lancet.
1975;1:16–19.

28 Castelli WP, Garrison RJ, Wilson PWF, et al. Incidence of coro-
nary heart disease and lipoprotein cholesterol levels. The
Framingham Study. JAMA. 1986;256:2835–2837.

29 Cambien F, Jaqueson A, Richard JL, et al. Is the level of serum
triglyceride a significance predictor of coronary death in ‘nor-
mocholesterolic’ subjects? The Paris Prospective Study. Am J
Epidemiol. 1986;124:624–632.

30 Reaven GM. Are triglycerides important as a risk factor for
coronary disease? Heart Dis Stroke. 1993;2:44–48.

31 Sheu W-H, Jeng C-Y, Shieh S-M, et al. Insulin resistance and
abnormal electrocardiograms in patients with high blood pres-
sure. Am J Hypertens. 1992;5:444–448.

32 Jeppesen J, Hein HO, Suadicani P, et al. High triglycerides and
low HDL cholesterol and blood pressure and risk of ischemic
heart disease. Hypertension. 2000;36:226–232.

33 Jeppesen J, Hein HO, Suadicani P, et al. Low triglycerides-high
high-density lipoprotein cholesterol and risk of ischemic heart

disease. Arch Intern Med. 2001;161:361–366.
34 Ross R. The pathogenesis of atherosclerosis. N Engl J Med.

1986;314:488–500.
35 Chen N-G, Abbasi F, Lamendola C, et al. Mononuclear cell

adherence to cultured endothelium is enhanced by hypertension
and insulin resistance in healthy nondiabetic volunteers.
Circulation. 1999;100:940–943.

36 Lip GYH, Blann AD, Zarifis J, et al. Soluble adhesion P-selectin
and endothelial dysfunction in essential hypertension: implica-
tions for atherogenesis? A preliminary report. J Hypertens.
1995;13:1674–1678.

37 Desouza CA, Dengel DR, Macko RF, et al. Elevated levels of
circulating cell adhesion molecules in uncomplicated essential
hypertension. Am J Hypertens. 1997;10:1335–1341.

38 Chen N-G, Holmes M, Reaven GM. Relationship between
insulin resistance, soluble adhesion molecules, and mononu-
clear cell binding in healthy volunteers. J Clin Endocrinol
Metab. 1999;84:3485–3489.

39 Surdackii A, Nowicki M, Sandmann J, et al. Reduced urinary
secretion of nitric oxide metabolites and increased plasma lev-
els of asymmetric dimethylarginine in men with essential hyper-
tension. J Cardiovasc Pharmacol. 1999;33:652–658.

40 Vallance P. Importance of asymmetrical dimethylarginine in
cardiovascular risk. Lancet. 2001;358:2096–2097.

41 Stuhlinger MC, Abbasi F, Chu JW, et al. Relationship between
insulin resistance and an endogenous nitiric oxide synthase
inhibitor. JAMA. 2002;287:1420–1426.

THE JOURNAL OF CLINICAL HYPERTENSION VOL. V  NO. IV  JULY/AUGUST 2003274


